management of diabetic ketoacidosis 


Establish the diagnosis of DKA 

1. Clinically 

• Suspected in any infant or child with dehydration or Signs of 

hypovolemia (tachycardia and poor peripheral perfusion) 
with deep sighing (Kussmaul) respiration. 

» Associated symptoms 

a) Nausea, vomiting 

b) Abdominal pain 

c) Confusion, drowsiness or loss of consciousness 

d) History of polyuria, polydipsia, weight toss, tiredness (1*3 

wee tv ago) 

2. Laboratory 

• Random blood glucose > 203 mg/dl by f/ucometer while 

awaiting the result o* Strum b'ood glucose fo' confirmation 

• Venous pH <7 3 or bicarbonate < IS mmol A (metabolic acidosis) 

• urine: ketonuna fusing ur>nr ketone strips) or Letcnemsa > 3 

mmo!/l 

Immediate clinical assessment for 

1, Airway 

2 , Vital signs: pulse, resp ratory rate, blood pressure and body 
temperature (attach monitor and pulse o» meter) 

3, level of consciousness level (use Glasgow coma scale) and 
pupillary reaction 

4, Degree of dehydration 

• 5% dehydration: capUlz'Y refill > 2 seconds -poor skm turgor - 

tachypnea 

• 10% dehydration : weak pulse - oliguria - mottled cold 

extremities - blood pressure below the Sth percentile (2nd 
degree shock) 

5, Weight of the patient 

6, Urine collection in a sterile bag without unnecessary 
catheterization 

Order the following laboratory tests 

1. Olood gases {venous sample* no need for arterial) to define 

the severity of DKA 


I 


Scanned by CamScanner 


MHd: pH«7.3 or bicarbonate <15 mmol/L 
Moderate: pU<7.2 or bicarbonate < 10 mmol/L 
Severe: pH<7.1 or bicarbonate <5 mmol/L 

2. Serum Electrolytes: Na, K and Chloride, 
measurement of serum potassium Is delayed, pJi^S 
electrocardiogram (ECG) for baseline evaluation ot *> 

PoLj* j.i 

status. t 

3, Calculate the anion gap: (Na*) - (HC03‘ + Cl} 

• Normal anion gap equals 12+ 2 mmol/L In DKA, the anion ^ 

typically 20-30 mmol/L; anion gap >35 mmol/L su e ^ P .Jl 
concomitant lactic acidosis 

4* Calculate corrected Na*: Measured Na* + 2 [(glucose mg/dt, 
1DO)/100) 

5. Serum Osmolality (mosm/kg). 

• Effective osmolality = 2 (Na # ) + glucose [mg/dlJ/18 

6. Urine for ketones 

7. Blood urea nitrogen and serum creatinine 

8. Complete blood count (CRP and clinical assessment of the 
possibility of Infection is essential as leukocytosis occurs with the 
stress of OKA In absence of infection) 

9. BUN, Hb, Hi, and serum proteins are important to determine the 
degree of dehydration* 

10. Urine analysis: to exclude U.T*I* 

11. If available 

■ Serum BOHB 

• Serum lactate (indicate shock or sepsis) 

• HbAlc 

Management 

1, Airway: Secure airway. Use free flow of oxygen if patient is in 
shock. If there is history of recent fluid intake evacuate the 
stomach by nasogastric tube to avoid aspiration, also to control 
hyperglycemia if the patient has consumed a lot of carbohydrate 
containing fluids (juices), as with the treatment of 
gastroperesis resolves and results in exacerbation of 
hyperglycemia due to gastric emptying. 
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3 . 

4. 


Goals of Therapy 

1. Correct dehydration 

2. Correct acidosis 

3. Reverse ketosis 

4. Slowly correct hyperosmofality 

5. Restore 8G to near normal 

6. Monitor for complications of DKA and its treatment 

7. Identify and treat any precipitating event 


I. Fluids Therapy 


Initial Fluids Therapy 


Peripheral line Insertion, NOT central (central line carries more 
rU for thrombosis and embolism and if used as a common iniot 

for fluids and insulin, insulin flow may be interrupted! 

Cardiac monitoring (ECG). 

Catheterization of the bladder only In unconscious or extremely ill 
infants. 

Give antibiotics to febrile patients after obtaining appropriate 
cultures of body fluids. 


If the patient is 
shocked give bolus 
of 10-20 ml/kg 
Isotonic saline 0.996 
rapidly and reassess 
(could be repeated 
but not exceeding 30 
ml/kg) 


If the patient is 
severely dehydrated 
(not shocked) give 
bolus of 10 - 20 
ml/kg over 1-2 hours 
(could be repeated 
but don't exceed 30 
ml/kg) 


tf the patient shows 
mild to moderate 
dehydration start the 
deficit+maintenance 
therapy without bolus 
fluids 
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Furthe, mums rherapy 




Total working fluids = (deficit 


+ rnaintena 



ncef or48hr). 



Deficit (litres) = % dehydration * body Weigh , (k _, 
• Ensure this result is then converted to ml. 


Use the Holliday-Segar formula 
<10 kg 100 mL/kg/24h 

11-20 kg 1000 mL + SO mL/kg/24 h for each leg from U -2Q 
>20 kg ^ 1500 mL + 20 mL/kg/24 h for each kg >20 
OR according to body surface area for children more than ini, 
1500 ml/mVday * 

Calculate the maintenance for 4E hrs 


Fluids rate 


The total working fluids should be given evenly over 48 hours. 

In severe hyperosmolarity (>340) or corrected Na >155, fluids are 
given over 72 hours to avoid brain edema. 

The rate of fluid administration should not exceed 1.5-2 times the 
usual daily maintenance requirement 


Type of fluids 


1. The first 4*6 hours: always use normal saline {0.9% saline) t° 

restore good perfusion. 

2, The next 42-44 hours: use a concentration of half normal saline or 

above (> 0.45% saline) as a sum of deficit and maintenance 
calculated according to the body weight. 

The saline concentration should be adjusted to achieve a posits 
sodium trend (steady rise of measured serum Na), Observe for 
trend every 2- 4 hours. , 

• Positive Na trend (i.e, increase of corrected Na by 2.77 mEfl/ 
with every 100 mg/dl drop in blood glucose) Is ideal. 
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* If there is negative Nn trend* fi & ™ : 

it decreases to a tower value with ° f COrretled Na or 

shift back to normal saline (0.9%) T ° P ^' ood Elucose) 

3. In case of hyperosmoiarity or hypematremb* .,t» k „ 

saline after initial fluids replacement USe hl1 f norrntil 

4. When blond glucose drops to 250 - 300 m e /dl, introduce glucose in 

the fluids with the half normal saline (saline 0.45%: glucose 5%1 at 
a ratio of 1:1 . llsc Glucose 10% or even 12.5 % in cases with 
persistent ketoacidosis as in this case the insulin dose should not 
be reduced (gosl not reached yet), therefore a higher 
concentration of IV glucose should be used to avoid 
hypoglycemia). 


II. Insulin therapy 


1 . 

2 . 

3. 

4. 

5. 

6 . 


7* 


8 . 


Start insulin after 1-2 hours of deficit fluid therapy (as insulin may 
aggravate hypovolemia). 

Prepare by adding 50 U regular insulin to 50 cc 0.9% normal 
saline, so every 1 ml contains 1 unit of insulin. 

Rate of insulin infusion 0.05-0.1 U/kg/hr. 

Continue till laboratory resolution of OKA (ph > 7.3, bicarbonate > 
15, and BOHB < 1 mmol or closure of the anion gap). 

The target is to achieve hourly reduction of the blood glucose 

ranging between 36 - 90 mg/dl. 

When the blood glucose reaches a range between 250 - 300 
me/dl start infusion of glucose saline as mentioned before; and 
the dose of insulin may be reduced, but only if acidosis has been 

iTafteMnitial fluid expansion BG drops more than 90 mg/dl/hr 
consider adding glucose to fluids even before reaching BG 300 

?ftppe". that blood glucose reaches less than 100 mg/dl, give 
a bolus of glucose 10 %( 2 ml/kg). 


IH. potassium replacement^ 


111- rumwiw* 1 1 ____ , 

___ «ipn/L after the initial N u1 “ 

The rule is to add potassium at a rate 

replacement. 


5 


Scanned by CamScanner 










■ lf unne output is documented and no n r • n ' tNl ' ^ 

i fCS 5 2SS ti' Kr S? 7* are yet 

”W=srswftSSr 

sr '■“" ••“•»£."rs,* 



Acidosis improves with fluids and insulin. Fluids imp rovp , 
perfusion that prevent lactic acidosis and improves ^ 
function hence allowing more organic acid excretion inJ? 
infusion prevents further ketoacid production. ' " 


2. Persistent acidosis should raise the possibility of: 

• Hyperchloremic acidosis (hyperchloremia is defined as Ma: a 

ratio > 0.79}. Chloride induced base deficit= (plasma Na 
plasma chloride -32). Hyperchloremic acidosis resolves 
spontaneously. 

• Persistent hypotension and lactic acidosis 

• Insulin Infusion problem or under correction of deficits 

• Consider sepsis 

• Renal failure due to hypoperfusion 

3, Check these possibilities before considering adding alkali therapy. 


4. Administer bicarbonate O NLY If pH < 7.0 OR HC0 3 <5 mEq/l, Or with 
life threatening hyperkalemia (K+ level > 6 mEq/l &/or ECG 
changes: wide Q5R and peaked T waves). 


5. Dose : 1* 2 mEq/kg over 2 hours 

6. Hazards of alkali therapy Include: 

• Hypernatremia 

• Hypokafmia 

• Increased anaerobic glycolysis 

• Impaired tissue oxygen delivery 

• Paradoxical fall in CSF pH 
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V. Monitoring 


Clinical monitoring 



1 , A special flow chart is available for hour by hour clinical and 
laboratory monitoring, 

2. Hourly: vital signs - Glasgow coma scale-warning signs of brain 
edema - fluid input and fluid output - degree of dehydration - 
pattern of breathing. 


Laboratory monitoring 

1. Hourly: capillary blood glucose (better to confirm it laboratory 
from a venous sample with shock and with blood glucose 
G0Omg/dl as the bed side test is poor in these conditions). 

2. Every 2 hours: serum electrolytes (Na - K - CL - Ph), Venous 
BG, and BOHB (if available). 

3. Less frequent: blood urea nitrogen and creatinine. 

4. Calculations every 2- 4 hours: 

• Anion gap 

♦ Corrected sodium 

* Effective osmolality 


VL Management of complications 


Brain edema 


When to suspect brain edema 

• Headache 

■ Inappropriate slowing of heart rate 

• Recurrence of vomiting 

• Change in neurological status (restlessness, irritability, 

incontinence) 

• Specific neurologic signs (e.g., cranial nerve palsies, 

abnormal pupillary responses) 

• Rising blood pressure 
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•^7 XVEensatura «**" 

Hiipidi/ incfeasin- 5c , r .,„, . ' 

loss Of urinary f rec W3ter ‘ Urn c °nci:ntr,i ion , 

ms'prdu^ (from inte a 

Pituitary c j andr1|Ul , P n of bfood tu 

Management of cerebral ed ^ C a Crebralhernl «'o,*). "* ,h » 

• Tra t f* nCe ^° U Suspect condition 

• Transfer to the ICU 

:S22r,r 1 s-«‘— 

minutes, repeat if there is „ 0 initial r « pon5 , J2 
to control the intracranial pressure or L ° m,n t0 2 * 
m S-10 ml As over s to to ml n 6 hypi!r,on, ‘ »"•« 

• Decrease Insulin infusion rate if necessary 

• intubation and hyperventilation if necessary , 0 rMuce bWd 


Vlt. Transition to SC insulin and o ral feeding 1 

Shrft to SC insulin and oral feeding when 
1 pH> 7.3 

2. Bicarbonate > IS mEq/dl 

3. B OHB normal (ketonuria persists for hours and should not be 

used as a guide for resolution of DKA). 

4. Clinical improvement of dehydration, 

5. No emesis (try Few sips of water before starting feeding} 

Shift to S.C Insulin should be as early as possible to reduce the 
incidence of hypoglycemia. 

Give rapidly acting bolus insulin 15 -30 minutes before stopping 
Insulin infusion, or give regularly acting bolus insulin 1-2 h before 
stopping insulin infusion. 

Give basal insulin few hours before stopping insulin infusion. 

If you start feeding before 4S hours, the total fluids intake (oral 
and Intravenous) should not exceed 1.5*2 times the normal 
maintenance. 
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